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ABSTRACT

A simple moving average is one of the oldest and the simplest techniques of forecasting the
trends of the stock market. The technical analysts follow mainly three types of moving
averages, namely, simple, weighted, and exponential moving averages. Among these three
types, as per the interest of investors, short-term and long-term time duration is used to
calculate the trend using the moving average. All the mentioned moving averages are used by
investors or analysts to predict the future trends of the market using historical data. Hence,
for evaluating their forecasting accuracy, the paper has used both the short-term and the
long-term moving average. The paper has used the NEPSE (closing) index values to calculate
as well as plotted the moving averages to forecast the future trend and its accuracy with the
help of Mean Absolute Percentage Error (MAPE). The paper found that there is a better
crossover in the graphical representation of the moving average in the long-term moving
average. In context to the Nepalese stock market, the MAPE results reflected a weekly (5-
trading days) 5-SMA analysis of the market movement as the most relevant in short-term
forecasting. Similarly, using the technique of moving average, 200-SMA (200-trading days of
a year) was seen as the most effective to forecast long-term trends. The result of the long-
term moving average MAPE pointed out that the annual reports of the listed companies
better determine the trend of the market.

Keywords: Forecasting accuracy, moving average, moving average crossover

1. INTRODUCTION

One of the major premises of efficient market theory is that the market quickly impounds
any publicly available information, including macroeconomic information that might be used
to predict stock prices. In other words, the term efficiency is used to predict stock prices. In
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general terms, the theory of efficient markets is concerned with whether prices at any point in
time fully reflect available information or not (Fama, 1970).

The Efficient Market Hypothesis (EMH) is concerned with the behavior of prices in the
assets market. The term “efficient market” was initially applied to the stock market, but the
concept was soon generalized to other asset markets (Beechey, Gruen, & Vickery, 2000).
Thus, a market is efficient if all available information is used in pricing securities, i.e.,
information efficiency.

The University of Chicago, where the EMH was invented, justly became the world’s
center of academic finance. In 1978, Michael Jensen, a Chicago graduate and one of the
creators of the EMH, declared that ‘there is no other proposition in economics which has
more solid empirical support than the Efficient Markets Hypothesis (Jensen, 1978). Fama
(1970, 1976) defined three types of efficiency, each of which is based on a different notion of
exactly what type of information is understood to be relevant in the phrase “all prices fully
reflect all relevant information” (Weston & Copeland, 2013). It is common to distinguish
among three versions of the EMH: the weak, semi-strong, and strong forms of the hypothesis.
These versions differ by their notions of what is meant by the term “all available
information.”

The weak-form hypothesis asserts that stock prices already reflect all information that can
be derived by examining market trading data such as the history of past prices, trading
volume, or short interest. This version of the hypothesis implies that trend analysis is
fruitless. Past stock price data are publicly available and virtually costless to obtain. The
weak-form hypothesis holds that if such data ever conveyed reliable signals about future
performance, all investors already would have learned to exploit the signals. Ultimately, the
signals lose their value as they become widely known because a buy signal, for instance,
would result in an immediate price increase (Bodie, Kane, Marcus, & Mohanty, 2015).

The semi-strong-form hypothesis states that all publicly available information regarding
the prospects of a firm must be reflected already in the stock price. Finally, the strong-form
version of the efficient market hypothesis states that stock prices reflect all information
relevant to the firm, even including information available only to the company insiders
(Bodie et al., 2015).

Though, James (1968) had tested the moving average trading strategy far earlier than the
development of the Efficient Market Hypothesis. He had found that the signals are generated
by a crossing of the price through a moving average of past prices. The moving average is
one of the oldest and most popular tools used by technicians. Its strength is as a trend-
following device which offers the technician the ability to catch major moves. Thus, it is
utilized most effectively in trending markets. However, since moving averages are lagging
indicators, they can catch a trend only after it has turned (Nison, 1991). The term “moving” in
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moving average is applicable because as the newest data is added to the moving average, the
oldest data is dropped. Consequently, the average is always moving as the new data is added.
The types of moving averages are based on the time duration. The uses and types of moving
averages are based on the short-term or long-term period. The most basic of the moving
averages is, as the name implies, the simple moving average. This is the average of all the
price points used.

The shorter the term of the moving average, the closer it will “hug” prices. This is a plus
in so far as it is more sensitive to recent price action. The negative aspect is that it has a
greater potential for whipsaws. Longer-term moving averages provide a greater smoothing
effect but are less responsive to recent prices. When a new observation becomes available,
the oldest observation in the window is dropped and the new observation is added (i.e., the
window slides over the new observation). When calculated over the entire data set X, the
SMA provides a smoothed representation of X where the level of smoothing is proportional
to n, the length of the moving average (Larsen, 2010).

A weighted moving average assigns a different weight to each price used to compute the
average. Almost all weighted moving averages are front-loaded. That is, the most recent
prices are weighted more heavily than the older prices. How the data is weighted is a matter
of preference (Nison, 1991).

An exponential moving average developed by Appel (1979) is a special type of weighted
moving average. Like the basic weighted moving average, the exponential moving average is
front weighted. Unlike other moving averages, though, the exponential moving average
incorporates all prior prices used in the data. This type of moving average assigns
progressively smaller weights to each of the past prices. Each weight is exponentially smaller
than the previous weight, hence, the name exponential moving average (Nison, 1991).
Although an investor chooses any one of the moving averages or combined results to
determine the future trend, the main concern of an investor is a moving average price
crossover.

The moving average of a stock price is the average price over a given interval when that
interval is updated as time passes. After a period in which prices have been falling, the
moving average will be above the current price (because the moving average continues to
average in the older and higher prices until they leave the sample period). In contrast, when
prices have been rising, the moving average will be below the current price (Bodie et al.,
2015).

A bullish indication is obtained when prices rise up and above the moving average. A
bearish signal is obtained when prices are down and get below the moving average. Once in a
trend, moving averages will keep an investor in, but also give late signals. While using
moving averages do not sell at the top and buy at the bottom. Moving average should not be
used in isolation; it should be used with other indicators to benefit in trading (Philippon &
Reshef, 2013).
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The motto of an investor is to generate a higher return with lesser risk from the
investment they make in the stock market. An investor might go for buy and hold strategy,
some might be swing traders, or might go for buy and sell strategy, as per the market scenario
and their portfolio. They are always interested to know about the market trend and catch it.
Looking at the trend, an investor would be capable to decide their investment decision.
Investors who are aware of technical analysis try to examine past trends and predict future
price trajectories. The moving average is the simplest and the oldest technique which is used
by an investor to get a signal to buy or sell.

An investor might be using the moving average tool, but they might not be aware which
of the moving average will be giving an accurate prediction in the due process of applying for
an investment. Thus, this paper attempts to address the forecasting accuracy of short-term and
long-term moving average in context to the Nepalese stock market.

2. LITERATURE REVIEW

James (1968) tested the buy-sell signal capacity from the monthly moving average
calculation for the common stock prices, from 1926 to 1960, maintained by the Center for
Research in Securities Prices (CRSP) of NYSE. He concluded that the strategy of the ‘buy-
hold’ was seen well at the end of the year with decisions of dividends by the listed
companies. Brock, Lakonishok and LeBaron (1992) used the historical data of the Dow Jones
Index from 1897 to 1986 and brought out the positive results in the stock market following
the moving average trading strategy.

Wong, Manzur and Chew (2003) stated that the technical analysis tools helped an
investor to get a signal to enter and exit from the stock market. They found that the most
established of the trend followers in the stock market followed the moving average from the
study with the members of the Singapore Stock Exchange. Benzion, Klein, Shachmurove and
Yagil (2003) tested an efficiency between the S&P 500 and the Tel-Aviv 25 using the
concept of moving average. They found market inefficiency for the Tel-Aviv 25 while testing
the two sample markets applying the short-term moving average. They found the better
signals of buy, sell, or hold by moving average were sent in the developed market than in the
developing stock market.

Sundhar and Kakani (2006) applied the concept of a simple moving average (SMA), and
displaced moving average (DMA), to test profiting from the technical analysis tool, namely,
moving average in the S&P CNX, Nifty, and BSE Sensex. They tested the profitability level
on five types of SMAs, and DMAs namely, 3-SMA, 5-SMA, 10-SMA, 50-SMA, and 200
SMA, as well as 3-DMA, 5-DMA, 10-DMA, 50-DMA, and 200 DMA respectively. They
revealed that the shorter periods of DMA provided better signals to an investor.
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Dzikevicius and Saranda (2010) compared the two rules of technical analysis namely; the
exponential moving (smoothing) method, and the simple moving average rule. They applied
the two methods on the S&P 500, and the OMX Baltic Benchmark Index. They then
compared the results using the systematic error, i.e., mean square error, mean absolute
deviation, mean forecast error, mean absolute percentage error, and the tracking signal
evaluation. They concluded from the estimation error analysis that the EMA was more
appropriate than the SMA forecast for both the stock markets.

Prackhaow (2010) studied the stocks traded in the set of 50 stocks index of Thailand
Stock Market, using three types of moving averages, namely, simple moving average (SMA),
weighted moving average (WMA), and an exponential moving average (EMA). He found
that the trading strategy by applying SMA brought out 9 percent higher than the remaining
two moving averages at the Thailand stock market. Han, Yang and Zhou (2013) applied 10-,
20-, 50-, 100-, and 200-days simple moving average to analyze the stock prices of NYSE and
AMEX and found that the moving strategy outperformed a buy-and-hold strategy to other
types of technical analysis tools.

Safi and Dawoud (2013) considered three types of moving average namely, simple
moving average (SMA), weighted moving average (WMA) and, exponential moving average
(EMA), to compare the forecasting accuracy of moving average, in the Palestine stock
market. They applied the ARIMA (p,d,q) model, the mean square error, and absolute error, to
measure the forecasting accuracy, for the different types of moving average. They found that
the 3-days SMA and 3-days EMA were seen accurately for forecasting the PALTEL stock
market data than other types of moving average.

Halimawan and Sukarno (2013) found that moving average with the smallest MAD and
MAPE is the best method to determine how much the stock price forecasting in a single
month. They found an exponential moving average with the least MAD and MAPE, the most
suitable for prediction in the Indonesian stock market index, LQ 45. Hansun (2014)
introduced a new approach to calculating the moving average by combining the calculation of
the weighting factor in WMA and EMA as the new weighting factor. He applied the
calculation technique on Jakarta Stock Exchange (1000 JKSE) composite index. He
concluded that weighted EMA was seen as the best moving average with the least MAPE to
forecast for 100 JKSE composite index.

Lauren and Harlili (2014) pointed out that the daily time-series data of the stock market
will help to predict the trend of the market with the help of the SMA. But at the same time,
they stated that an investor should also focus on the daily news, particularly financial news,
which might have a positive, negative, or neutral impact on the movement of the stock
market. Adrian (2015) tested the sensitivity of moving average trading rules performance for
the Budapest Stock Exchange. He found that the moving average dual crossover for the
shorter period strategy in the stock market could bring out better profitability.
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Anbalagan and Maheswari (2015) applied Fuzzy Metagraph (FM) for decision-making,
classification and prediction for the Bombay Stock Exchange (BSE) for a short-term period.
They used three technical analysis tools namely, SMA, EMA, RSI and MACD to give input
for the FM model. They found that timely accurate news and information to the investors will
reduce the level of error (RMSE) in prediction.

De Souza, Ramos, Pena, Sobrei and Kimura (2018) investigated the profitability of the
stock markets of the BRICS nations. They found that the buy-hold strategy out-performed the
BRICS nations. The strategy of moving average accompanied by other techniques brought
out the very strong evidence of outperformance for the stock markets of Russian and India
than the remaining BRICS nations.

Raudys and Pabarskaite (2018) stated that the smoothing time series allows removing
noise. They stated, in context to finance, moving average helps to smooth the noise in stock
prices and helps to forecast trend direction. They proposed Pareto optimized custom moving
average, which optimizes weights (one of the parameters is kept in isolation) to obtain most
accuracy for a given smoothness or vice-versa. They found that the new proposed custom
moving average was more accurate than other moving averages in 99.5 percent of cases on
synthetic data and 91 percent of cases on real-world stock data.

Zakamulin and Giner (2020) tested the forecasting accuracy of two trading rules namely,
momentum and moving averages. They conducted the correlation coefficient analysis
between the actual market return with the SMA, Linear Moving Average (LMA), and EMA,
as well as, conducted the test of the relation between the market return, and momentum. They
further conducted the robustness test for prediction accuracy, for moving average and
momentum. They found that the moving average exhibited more robust forecast accuracy
than the momentum for the future direction of price trends.

The study on the use of technical analysis tools, moving average forecasting error, in
context to the Nepalese stock market is new. The calculation of the moving average is done
with the help of historical data that is used for predicting future trends. Hence, there might be
errors in the results of the moving average calculated with the help of the historical data to
predict the future trend. The trend shown by the moving average helps an investor to enter or
exit from the stock market. The long position or short position to be taken by an investor can
be determined from the result of the moving average. The paper regarding the forecasting
accuracy for the short-term and long-term moving average will be new in context to the
Nepalese stock market.

3. DATA AND METHODS

All the recorded daily closing NEPSE Index from the base year (1994) of NEPSE Index
are the population of the study. The paper has used the daily closing index (NEPSE Index) of

67




The Journal of Nepalese Business Studies

Nepal Stock Exchange Limited from the fiscal year 1998-99 to the fiscal year 2019-20
covering 4,876 trading days. The paper assures of no missing data for the considered sample
period. The paper has followed the developmental research design to predict future trends.
The paper has adopted a trend study to establish patterns of change in the past to predict the
future trend or pattern. At the same time, cross-validation has been done with the help of the
Mean Absolute Percentage Error (MAPE) to estimate the prediction error of the calculated
Moving Average (MA).

Moving averages are running averages of a finite size window over a dataset that can be
used as a trend-following device. The moving averages approach empowers one to detrend
the time series data without resorting to that sort of machination. The popular moving
averages include the four, nine, and 18-days averages for shorter-term traders and the 13-, 26-
, and 40-week moving averages for position players (Nison, 1991). The moving average
analysis is done on the time-basis, namely, the shorter term and longer term. The paper has
considered 5 and 20 days as the shorter-term and 50, 100 and 200 days respectively as the
longer-term. Similarly, a graphical representation of the moving averages is compared with
the actual NEPSE daily closing index of the stock market. The paper has used Microsoft
Excel to calculate the required moving average, prediction accuracy-related values, and to
generate the graphs. The paper has used the moving average formulas used by Lukac,
Brorsen and Irwin (1988) and Brock, Lakonishok and LeBaron (1992).

n
1
~ Simple Moving Average [SMA,(n)] = EZ Pi_;
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The paper has used the scale-dependent measure for measuring the forecasting accuracy.
The paper has adopted the formula to measure forecasting accuracy in time-series data that
are theoretically relevant in statistical modelling as defined by Hyndman (2013). They are
namely, Mean Sum of Error (MSE) and Root Mean Square Error (RMSE). Similarly, the
absolute measure of error, Mean Absolute Percentage Error (MAPE) derived by Makridakis

et al. (1982) has also been used in the paper.
n
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~ Mean Sum of Error (MSE) = —
i=1

~ Root Mean Sum of Error (RMSE) =

where, A= Actual Data and F;i= Forecasted Data
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where, A= Actual Data and F;= Forecasted Data
The value of MAPE measures the prediction accuracy of the forecasting method for
moving average calculation. It usually expresses the accuracy as a ratio. The smaller value of
MAPE reflects better prediction accuracy and vice versa.

4. RESULTS AND DISCUSSION

4.1. Short-term Moving Average Analysis

A short-term moving average is faster as it considers the index for a shorter period and
more reactive to the daily changes. The short-term moving average tends to smooth out the
noise better than the long-term moving average. The paper has considered five days and
twenty days as the shorter period moving average (MA). The following line graph shows the
comparative-representation between the actual daily closing index of the NEPSE Index and
the respective time-based moving averages for the shorter-term.
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Figure 1. 5-SMA and 20-SMA with NEPSE Index (closing).
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Figure 2. 5-WMA and 20-WMA with NEPSE Index (closing).
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Figure 3. 5-EMA and 20-EMA with NEPSE Index (closing).

The line graph for all the short-term MA is seen moving tightly with the actual daily
closing NEPSE Index reflecting no clear observation of the crossover scenario. Thus, it is
difficult to observe a crossover point for a shorter MA immediately on the graphical
representation.

4.2. Long-term Moving Average Analysis

A long-term moving average is lesser sensitive to immediate noise. An investor who is
not interested in a sudden sharp change and waits for the bigger picture of the performance
prefers the long-term moving average (MA). The long-term MA has some lagging in
indicating the effects in the market movement. Fifty days, a hundred days and two-hundred
days are considered as the longer period moving average (MA) for the paper. The following
line graph shows the comparative representation between the actual daily closing index of the
NEPSE Index and the respective time-based moving averages for the longer-term.
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Figure 4. 50-SMA, 50-WMA and 50-EMA with NEPSE Index (closing).
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Figure 6. 200-SMA, 200-WMA and 200-EMA with NEPSE Index (closing).

The line graph for the longer MA is seen properly visualizing the clear crossover. The
crossover can be visualized for the 100-days and 200-days MA. When the daily NEPSE
Index (closing) is seen moving above the MA, the market is showing a bullish trend and vice-
versa. A proper indication is visualized in the longer periods SMA due to the availability of
the authentic financial (fundamental) information in the market.

4.3. Forecasting Accuracy of Moving Average Analysis

The paper has followed MAPE to measure the forecasting accuracy of MA for different
periods. The MAPE results for the forecasting accuracy of the short-term MA and long-term
MA are discussed below:
4.3.1. Forecasting Accuracy of Short-term Moving Average

Table 1 shows the results of the forecasting accuracy of the short-term moving

average:
Table 1

Forecasting Accuracy of Short-term Moving Average

Moving averages MSE RMSE MAPE
5-SMA 0.0686 0.2618 0.0003
20-SMA 1.0963 1.0470 0.0014
5-EMA 0.0702 0.2650 0.0007
20-EMA 0.2848 0.5337 0.0215
5-WMA 0.0323 0.1796 0.0004
20-WMA 0.9088 0.9533 0.0668

Source: Annex-1

The value of MAPE reflects the prediction accuracy of the forecasting of the moving
average. Simply, the value of MAPE measures the magnitude of the prediction error. Hence,
the lesser the value of MAPE, the better the forecasted value closer to the actual value. A 5-
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days SMA (5-SMA) is seen as the most suitable in context to the forecasting accuracy under
the short-term period with the least MAPE (0.0003), followed by the 5-WMA (MAPE:
0.0004). A 20-days WMA (20-WMA) is not seen as suitable for forecasting the NEPSE
movement for a short time duration, with the highest MAPE (0.0668).

The above results reflect that among the short-term moving average for different
periods, 5-days MA for three types of MA gave a better prediction accuracy with very
minimal error, in context to NEPSE in comparison to 20-days MA. Among the three types of
MA, comparatively, 5-SMA was with the least percent of MAPE, reflecting the MA very
much closer to the actual NEPSE movement.

The shorter the time span used in calculating the MA, the more sensitive to the
changes in the prices. NEPSE index is based on the market capitalization, hence, the small
changes in the price of the listed shares reflect in the index-based short-term MA. Hence, this
makes a short-term MA closer to the actual movement of the NEPSE.

4.3.2. Forecasting Accuracy of Long-term Moving Average

Table 2 shows the results of the forecasting accuracy of the long-term moving

average:

Table 2

Forecasting Accuracy of Long-term Moving Average
Moving Averages MSE RMSE MAPE
50-SMA 0.4096 0.6400 0.0021
100-SMA 7763.08 88.1083 8.0554
200-SMA 3.7872 1.9461 0.0019
50-EMA 0.3312 0.5750 0.0021
100-EMA 17.3087 4.1604 5.7011
200-EMA 2.6506 1.6281 0.0056
50-WMA 0.4096 0.6400 0.0021
100-WMA 1.7691 1.3301 0.2190
200-WMA 7.0082 2.6473 0.6279

Source: Annex-1

A 200-days SMA (200-SMA) is seen as the most suitable in context to the forecasting
accuracy under the long-term period with the least MAPE (0.0019), followed by the 50-SMA
as well as 50-EMA with equal MAPE (MAPE: 0.0021). As well as 200-SMA (MAPE:
0.0056) is seen better for a longer duration. A 100-days SMA (100-SMA) is not seen as
suitable for forecasting the NEPSE movement for the longer period having the highest MAPE
(8.0554). Similarly, a 100-days EMA is not seen providing accurate prediction for the
NEPSE, as the value of MAPE (5.7011) is seen relatively high after the MAPE for 100-SMA.
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This reflects that the quarterly published reports of the listed companies are not influencing
the market movement.

The value of MAPE for the longer period MA is not seen as suitable in context to
NEPSE, as the value of MAPE for all the longer period MA are seen comparatively higher
than that of the shorter period MA. Especially, 100-SMA and 100-EMA seem not reliable for
forecasting the NEPSE movement under the long-term period.

5. CONCLUSION AND IMPLICATIONS

A moving average is one of the oldest and simplest techniques of technical analysis.
There are three types of MA, namely, simple, exponential, and weighted practiced by
investors. Nevertheless, there are other types of MA, namely, double, triple, smoothed, zero-
lag, and much more applied and practiced by investors. The choice of the MA is seen based
on accuracy, smoothness, and filtering the best signal from the market.

The paper attempts to identify the best time-period MA for the short-period, as well as
for the long-period for the Nepalese stock market, NEPSE, with the least forecasting error. A
graphical representation for the short-term MA was not able to reflect the crossover scenario,
as well as forecasting accuracy, in comparison to long-term MA. The numerical calculation
for the forecasting accuracy, namely, MAPE, brought out a clear picture. The 5-SMA, short-
term MA, produced the best forecasting accuracy with the least MAPE (0.0003). This result
shows the market movement during trading days in a week will be more fruitful to predict the
coming week pattern of return at NEPSE, as the trading floor of NEPSE opens for five days a
week. Though, the minimal difference is seen in MAPE value for three different types of
MA, namely; SMA, WMA, and EMA. At the same time, 20-WMA is not seen as suitable, in
context to MAPE (0.0668), with the highest value in the short term period.

In context to long-term MA, the value of MAPE for 50 days three different types of MA
are seen at the same value (0.0021). At the same time, 100-days MA is seen not suitable, in
context to make a prediction in NEPSE, with a high MAPE value. This shows that prediction
for the market movement, looking at the quarterly reports of the listed companies, especially
banks and financial institutions, as well as insurance companies will not be productive in
NEPSE. Similarly, in context to the long-term, the 200-days SMA is seen as the best
forecaster with the least MAPE (0.0019). The result from the MAPE reflects the shorter
period MA with lesser error in the forecasted value. Therefore, if considered for predicting
the future trend of the NEPSE, short-term MA is seen as appropriate. Hence, in context to
NEPSE, the shorter period MA is seen as more suitable for foresting the trend of the market
rather than the longer period MA. The result from the MAPE reflects the shorter period with
lesser error in the forecasted value if consider for predicting the future trend of the market.
Therefore, the prediction accuracy was seen well in shorter MA than longer MA.
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Similarly, the SMA provides the most smoothing result that helps to find out the support
and resistance to an investor. At the same time, if the investor is concerned with the lag effect
in return, then WMA and EMA will be the better options that capture the recent price and
give less emphasis to older prices. An investor could also apply the concept of the closing
price of an individual company's daily closing market price of the share for better
interpretation. Hence, they can picture out the buy and sell signals looking at the crossover
points.
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Annex-I: Moving Averages

Moving Averages [4; — F]? MSE RMSE MAPE
5-SMA 334.31 0.0686 0.2618 0.0003
20-SMA 5345.52 1.0963 1.0470 0.0014
50-SMA 1997.07 0.4096 0.6400 0.0021
100-SMA 37852762.92 7763.08 88.1083 8.0554
200-SMA 18466.34 3.7872 1.9461 0.0019
5-EMA 342.36 0.0702 0.2650 0.0007
20-EMA 1388.75 0.2848 0.5337 0.0215
50-EMA 1614.93 0.3312 0.5750 0.0021
100-EMA 84397.02 17.3087 4.1604 5.7011
200-EMA 12924.47 2.6506 1.6281 0.0056
5-WMA 157.29 0.0323 0.1796 0.0004
20-WMA 4431.19 0.9088 0.9533 0.0668
50-WMA 1997.07 0.4096 0.6400 0.0021
100-WMA 8626.20 1.7691 1.3301 0.2190
200-WMA 34172.12 7.0082 2.6473 0.6279
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